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Abstract 
This research focuses on the study of the thermal properties of starch corn processed using thermo-alkaline treatment. 
Using Modulated Differential Scanning Calorimetry (MDSC) these investigators studied the changes during 
gelatinization of starch in alkaline solution water-calcium hydroxide Ca(OH)2 at concentrations from 0.1 to 0.3% (g 
Ca(OH)2 /g dry starch). The scanning was carried out at 80% (w/w) moisture and 5 ºC/min in nitrogen environment. 
Similarly, thermogravimetric analysis (TGA) was used to study the thermal degradation of starch treated utilizing this 
method. The treated starch was subjected to heating ramps from Troom to 800 ºC using different rates. The MDSC 
results indicate that the interaction of calcium ions and starch shifts the gelatinization peak to higher temperatures 
when the concentration increases. In the same manner results show changes in the enthalpy values of the transition 
compared to when gelatinization occurs only in the presence of water. However, the disruption power of alkali has a 
limit. On the other hand, TG data of the principal stage of degradation permitted to find the activation energy of raw 
and treated corn starch, using Friedman, Flynn-Wall-Ozawa and also Kissinger methods. TGA analysis demonstrated 
that thermo-alkaline treatment with Ca(OH)2, had a decelerator role in thermal degradation of corn starch.   More 
complete knowledge of activation energy as a barrier to initiate decomposition process helped in the   understanding 
of thermal decomposition stability of corn starch when thermo-alkaline treatment is used in food industry. 
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1.Introduction 
Starch is composed by amylose and amylopectin macromolecules, the ratio of these macromolecules 
vary according to the botanical source as well as due to environmental conditions. Because of this 
variability, the starch granules are not homogeneous in size, shape and composition. To change its 
structure, starch is usually subjected to cooking processes to achieve gelatinization which involves 
substantial changes in their physicochemical and functional properties.  Starch undergoes a 
decomposition process when it is heated at temperatures over 250 ºC. Conventional processing techniques 
of starches used in the food industry and the preparation of thermoplastic materials are carried out at 
relatively high temperatures. The extent of degradation depends on temperature and length of time used in 
the processing, which have a significant influence on the properties and technological applications that 
can be utilized. Despite the complexity of starch granules, they can be analyzed in order to determine its 
kinetic parameters as related to degradation by a global analysis, in which side effects are taken into 
consideration as occurring during degradation. Systematic studies of degradation raw starch or when it is 
combined with other materials for biodegradable polymers have been reported [1,2,3]. Some of these 
investigators performed kinetic decomposition studies by means of non-isothermal techniques for 
different starch sources, such as: corn, cassava, rice, and potato, where there were few notable 
differences. Aggarwal and Dollimore [4] studied partially hydrolyzed starch common in corn, wheat, rice, 
and potatoes and found that their thermal decomposition temperatures were lower than in the raw starch. 
Liu et al.,[5] analyzed the thermal decomposition processes of corn starches with different 
amylopectin/amylose ratio, and  found that higher activation energy is required for the decomposition of 
starch granules that have a higher amount of amylopectin. To date, there are no reports of thermal 
decomposition TGA of starch when it is processed by using thermo-alkaline treatment (e.g.calcium 
hydroxide in the alkaline cooking process), in which calcium is incorporated into the polymer matrix of 
starch [10]. It is of great interest for scientists and food engineers to understand the changes that take 
place during any treatment in order to have control of the process.  
This research focuses on finding out how the thermo-alkaline treatment influences thermal properties 
such as gelatinization and degradation processes of corn starch, in order to test the accelerator or retardant 
effects of calcium hydroxide. TGA and DSC techniques were used to estimate mass loss of starch at a 
certain temperature and to study the changes of the gelatinization process. Using non-isothermal 
procedures performed with the multi-TGA heating data, the apparent activation energy in the 
decomposition process was calculated by applying the free models of (Friedman and Flynn-Wall-Ozawa) 
and also the Kissinger model.  
2.Materials &Methods 
2.1.Materials 
The starch was obtained from threshed maize, the Columbian Valle variety. The starch was isolated 
from the kernel according to the methodology proposed by Ji et al.,[6]. The first sample was the isolated 
corn starch named as CS. The second sample was obtained by using the thermo-alkaline process  where 
corn starch CS was mixed with previously prepared alkaline solution of water- calcium hydroxide 
Ca(OH)2 (analytical grade) at 0.15% (w/w). The starch-solution mixture was prepared by fixing a 
moisture level of 80% (w/w). Then the mixture was cooked at 92.5r0,3 ºC for 15 minutes. The resulting 
sample was dried and milled to obtain a powder used in TG measures.  This sample was called CS015. 
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2.2.Differential scanning calorimetry 
The thermo-alkaline treatment of corn starch was carried out in-situ, in DSC-Q100 TA instruments. 
Indium (99.99%) was used to calibrate the DSC system in relation to temperature and enthalpy. The 
MDSC curves were performed under nitrogen atmosphere (40mL/min). Suspensions (1:4) of corn starch 
CS and alkaline solution at 0, 0.15, 0.20, 0.25, and 0.30 % Ca(OH)2 (w/w) were prepared in aluminum 
hermetic DSC capsule. The sample mass was fixed in 6.0r0,1 mg. Once sealed, it was permitted to 
equilibrate for 30 minutes to assure stabilization. An empty capsule was used as reference. The samples 
were tested in MDSC ramps from 25 to 110 ºC, for 5ºC/min with 0.796 ºC and  60 s of amplitude and 
period, respectively. The samples were analyzed in duplicate.  Onset temperature (To), peak temperature 
(Tp), completion temperature (Tf), and enthalpy (¨H) were calculated from the thermograms.  
2.3.Thermogravimetry (TG) 
Thermogravimetry (TG) was performed in a TGA Q500 TA Instruments. The TG curves were carried 
out under dynamic nitrogen atmosphere (70mL/min). Platinum crucible was used with sample mass 
8.0r0,2mg. Heating ramps at rates of 5, 10, 15, 20, and 25 ºC/min were carried out from 25 to 800 ºC. 
The data were processed using the Universal Analysis 2000 TA software. The maximum rate of the 
reaction was determined through to the peak temperature in the DTG curve. The conversion (D) was 
obtained using equation 1 and origin software to obtain dD/dT. The apparent activation energy E was 
determined according to Friedman, Flynn-Wall-Ozawa (FWO), and Kissinger models. 
3.Results & Discussion 
3.1.Changes of corn starch during gelatinization 
Fig 1(a) shows the DSC curves of corn starch samples treated at different Ca(OH)2 contents, from 0 to 
0.30% w/w. The single endothermic transition in each curve can be attributed to the gelatinization of the 
starch. Peak temperature (Tp) can be considered as the point where gelatinization is complete. The broad 
range seen in the endothermic peak indicates that the gelatinization is commonly far from equilibrium and 
is strongly time dependent. Non-reversing heat flow signal is used in this case. It was noted that Tp is 
displaced toward higher values when the Ca(OH)2 concentration increased. The Tp and enthalpy (¨H) 
data are displayed in Fig 1(b). According to these results, when Ca(OH)2 concentration increase, two 
different trends in the gelatinization pattern are present: the first  for concentration of Ca(OH)2  between 
0.0 and 0.20%, and the second  for concentrations that are !0.20%. ¨H is an indicator of the molecular 
changes within the granule that occur upon gelatinization [7,8].  It has been reported to be influenced by 
the degree of crystallinity of starch. The degree of crystallinity is expected to be the same for all treated 
samples, because CS was isolated from a common source. However, changes in enthalpy values were 
observed.  
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Fig. 1. (a) DSC curves of corn starch samples treated at different calcium hydroxide contents, from 0 to 0.30w/w; (b) Peak 
temperature and enthalpy as function of % calcium hydroxide. 
 
¨H change can be associated to the effect of the alkali during gelatinization process. As is shown in 
Fig 2, enthalpy increases from 0 to 0.2% Ca(OH)2 concentrations possessing  a relative maximum value  
of 0.2%. It can be assumed that for 0–0.2% interval, water retention reached a maximum level, then a 
possible saturation should be expected due to Ca++ and Ca(OH)- starch interactions.  
 
At low Ca(OH)2  concentration, crystalline regions are likely to be disrupted by alkali, and as 
suggested by Oosten [9], the granule matrix is stretched by the replacement of protons with cations, 
thereby increasing the granule volume. Lai et al.,[10] suggested that the ions in alkali solution diffuse into 
the amylose-rich amorphous regions of the granules, breaking intermolecular bonds and causing a high 
level of swelling, with a concomitantly higher than exudation of amylose. Consequently, when the 
granule swells, a major gelatinization level can be achieved with a higher disruption of the molecular 
order and probably major enthalpy observed due to of alkali properties. At higher concentrations (!0.2%), 
Ca++ ions act to stabilize the granules and increase their rigidity decreasing their volume so that the 
disruption level could be limited. This result disagree with Bryant et al.,[11]  who reported enthalpy to be 
approximately equal for all treatments of corn starch at different lime concentrations (0-1.0% Ca(OH)2 
(w/v)). In a more recent study regarding the effects of alkaline treatment on the structure of 
phosphorylated wheat starch, Sang et al.,[12] found that alkaline conditions used in the study did not 
change the crystalline phase of the granular structure.  Discussions concerning this topic should therefore 
continue.  
 
3.2.Thermal degradation of corn starch.  
   The effect of the thermo-alkaline treatment on starch granules was evaluated through kinetic analysis 
from TGA data. In a kinetic analysis, the reaction can be expressed using a function of the reaction extent 
f(D), where D can be expressed in terms of loss mass percentage in the progress of the reaction according 
to equation 1.  
(1)                                                                 
%%
%%
fmim
tmim
t 

 D
         
 
  Where %mi, %mf  and % mt   are the initial, final and mass percentage for time t, respectively,  which are 
taken from TGA thermograms. Equation 2 offers the most common way to express the reaction rate 
involving f(D), where t and T are the time and temperature at the conversion D, respectively.  
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f(D) is the mathematical expression of the kinetic model, K(T) and can be expressed by the Arrhenius 
equation given in equation 3.  
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Substituting equation 3 in equation 2 gives as a result equation 4, where A (the pre-exponential factor) 
and E (activation energy) are Arrhenius parameters, and R is the constant of the gases.  
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For non-isothermal experiments carried out with linear heating rate (E), the reaction rate in equation 4, 
can be expressed in terms of temperature.  
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d
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Equations 4 and 5 are the fundamental expressions of analytical methods to calculate kinetic parameters 
based on TG data. Various models have been developed based on these equations and some of the most 
frequently used free-model methods in the study of polymers are listed in Table 1. Because starch is a 
semi-crystalline biopolymer, these models will be used to determine the apparent activation energy. The 
activation energy derived from TG data is the sum of the activation energy of chemical reactions and 
physical processes [11]. As the energy barrier, the activation energy itself may provide the information of 
critical energy necessary to start a reaction. 
Table 1. Kinetic methods used in evaluating activation energy in this study. 
METHOD                                                                         EQUATION                                                                        PLOT 
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Fig 2 shows the TG and DTG thermograms of the samples CS and CS015 studied. Both curves show 
that the thermal decomposition process was carried out in three stages: stage 1 (T d 150 °C) where the 
mass loss (|12%) is due to vaporization of volatile, especially for water; stage 2 (|250d T d|360 ºC) 
where mass loss is due to principal decomposition processes of starch; stage 3 (T!450 ºC) which leads to 
the accumulation of carbon. The principal decomposition process begins with a rapid dehydration and 
decomposition of hydroxyl groups in glucose rings to form water molecules. According to Liu et al.,[5], 
during this step the main chain breaking occurs when C-C-H, C-O and C-C bounds break. The gaseous 
decomposition products consist mainly of H2O, CO, CO2, compounds as CH4 and C2H4. A prominent peak 
is recorded between 250 and 360 ºC in the DTG curves indicating the possibility of a simple mechanism 
of reaction or the unification of reaction mechanisms multiple [16]. 
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Fig 2. TG-T and DTG-T curves of the thermal decomposition 
process of CS and CS015 samples at 5 ºC/min 
Table 2.Temperature data recorded for each of the heating rates 
considered by thermogravimetric analysis. 
SAMPLE Rate 
(ºC/min) 
T0 
ºC 
TMax 
ºC 
Tf 
ºC 
5 264.5 302,2 329.1 
10 273.9 312,1 341.1 
15 279,9 318,7 346.5 
20 282.6 324,1 352.2 
 
 
CS 
 
25 284.4 324,2 356.4 
5 257.2 312,9 343.5 
10 269.7 321,1 355.9 
15 274.3 327,2 367.3 
20 276.7 330,4 367.4 
 
 
CS015 
 
25 281.42 332,7 370.7  
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Fig 3. TG-T y D-T curves at different heating rates 
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Fig 4. Iso-conversional curves as used in the Friedman model 
 
The mass loss in the principal decomposition step is converted to a conversion rate (D), according to 
equation 1. TG-T and D-T curves at different rates of CS sample are shown in Fig 3. It is well known that 
the characteristic temperature points move to higher values by increasing the heating rate. The plot of 
Ln(EdD/dT) vs 1000/T was created  for 0.20dDd0.80, according to the Friedman model. Fig 4 presents the 
relation for CS015 sample. Parallel lines are approximately produced. The trends of the CS sample, not 
shown here, are similar to those shown in this figure. The slope for each line was obtained using a linear 
fit and E was calculated (slope = - E/R). In addition, from measurements for different rates (E), a constant 
value Di was taken and plotted as log(E) vs 1000/T. Fig 5 shows a linear relationship between variables 
when the data set  for the  CS sample are plotted. The slope was obtained according to FWO model 
(Slope= -0,4567E/R).  A similar trend was observed for the data set corresponding to CS sample.  
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Fig 5. Iso-conversional curves Log(E) vs. 1000/T for several 
degree of conversion for CS sample 
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Fig 6. Curves as used in the Kissinger method, for CS and 
CS015 samples. 
 
Table 3 summarizes E values calculated utilizing the three methods for the degradation process. The 
correlation coefficient (R2) in Table 3 also indicates a strong linear correlation among the variables. 
According to these models, it is observed higher activation energy for degradation processes of the starch 
treated with Ca(OH)2 (sample CS015). It has been noted that E from the Kissinger’s method corresponds 
with Friedman and FWO methods, but only at D=0,4 and 0,5 of a SC sample. Kissinger’s method is a 
special case in determining E and may not display the overall trend of E due to the fact that only data 
from maximum conversion rate is used. FWO and Friedman methods reveal the same trend of activation 
energies for the whole conversion range studied. Not significantly change for conversions between 0.2 
and 0.8 from each sample (Table 3) indicating that the degradation of corn starch takes place through the 
rupture of linkages with similar bond energies. The E-D  trend  of raw corn starch evaluated by the FWO 
method concur  with Guinesi et al.,[1]  findings who found that the activation energy values of corn starch 
are in the 140-150 KJ/mol by application FWO method. However, E values between 180 and 184 KJ/mol 
found here for CS sample, with the same method, indicates that different amylose/amylopectin ratio can 
be exist due different sources of corn starch [5].  When corn starch was treated with calcium hydroxide, 
higher activation energy for degradation process was necessary. In this case, the degradation mechanism 
may be complex because the biopolymer macromolecules in starch granule are linked to Ca ions 
according to the model proposed by Rodriguez et al.,[17]. The Ca-starch links offer major thermal 
stability, therefore additional energy is required in the decomposition process. According to these results 
it can say that thermo-alkaline treatment plays a decelerator role in the thermal degradation process of 
studied corn starch. The activation energy obtained in this study may help future investigators to 
understand thermal decomposition stability of corn starch when thermo-alkaline treatment is used in the 
food industry. 
Table 3.Values of E calculated using the Friedman, FWO, and Kissinger methods. It includes R2 of the lineal fit. 
SAMPLE D(%) 
FRIEDMAN 
KJ/mol 
R2 
FWO 
KJ/mol 
R2 
KISSINGER 
KJ/mol 
R2 
 20 181,2±4,6 0,997 183,6±5,9 0,999   
 30 180,9±4,0 0,998 184,6±5,9 0,999   
 40 174,8±3,6 0,998 183,4±3,5 0,998 177,2±6,1 0,995 
CS 50 171,0±3,0 0,999 181,6±6,3 0,998   
 60 167,2±2,4 0,999 179,8±2,9 0,999   
 70 166,1±2,7 0,999 177,8±5,5 0,998   
 80 167,5±2,8 0,999 180,9±2,8 0,999   
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SAMPLE D(%) 
FRIEDMAN 
KJ/mol 
R2 
FWO 
KJ/mol 
R2 
KISSINGER 
KJ/mol 
R2 
 20 202,2±2,0 0,999 201,2±5,0 0,999   
 30 202,8±1,4 0,999 202,0±5,8 0,999   
 40 201,4±1,2 0,999 202,4±7,1 0,999 224,6±7,3 0,996 
CS015 50 200,9±0,8 0,999 202,3±7,5 0,999   
 60 194,2±3,0 0,999 201,1±8,4 0,999   
 70 186,9±3,8 0,999 197,4±7,1 0,999   
 80 184,9±6,0 0,997 195,9±6,8 0,999   
4.Conclusions 
Thermo-alkaline treatment has an influence on the thermal properties of corn starch.  The interaction 
calcium ions and starch shifts the gelatinization peak to higher temperatures when the Ca(OH)2 
concentration increases to 0,2% according  to this analysis. However, when there is an ion excess, 
integrity granular can be produced which decreases the disruption power of the solvent.  In a similar 
manner, by using TGA analysis showed that thermo-alkaline treatment with Ca(OH)2, had a decelerator 
role on thermal degradation of corn starch.  Knowledge of activation energy as barrier to initiate 
decomposition process helps to understand thermal decomposition stability of corn starch when thermo-
alkaline treatment used in the food industry. 
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